TIM

Affordable Titanium — A TIMET
Perspective
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Titanium In Transportation

» A Proven Weight Saving Solution in high performance automotive
» Cost premium for installed components is 2X to 10X vs. incumbent metals
 Transition to sustained series production not yet achieved

ARrospace

® AWNomotive (Engine)
o,

7
® Automotive (SXing) \96/

Armor/Armament

Automotive (Exhaust)

®
Oil & Gas (Offshore)

Medical
Chemical Proce/so/Industry

Corrosion Resistance




\Ax _ TIMET
L‘ a1'7 ij ﬂOMOTIVE

A reprint of an article published in the Sept. 26, 2005 issue of American Metal Market

Titanium 2005
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Every ounce counts on Yamaha's meanest motocross bike

LCB for the 2006 Yamaha Y Z450

« Formulated for affordable performance
using low cost raw materials

« Manufactured using continuous
processing for economies of scale

« Spring wound on CNC machines used for
steel

 Delivers affordable weight savings for
high performance vehicles.

 Not sustained due to lack of infrastructure

LOS ANGELES — Another larshmark
the constumer vehicle market has been
claimed for Ntanium with the addition of

the rear suspension spring on

production versions of cer-
B"Y‘fi'cai:'k tain Yamaha Motor L1l
I motorcveles
Ntanium Metals Comp
(Timel), Denver. saxd the 2006 paneso
butlt Yamaha YZ model molocross bikes
are the [irst cvcles anywhere with titani-
um springs as orgmnal equipment
Made of Timetal LCB (low=<cost bita)
i alloy supplied by the company's Timel
Automotive unit i Morgantown. Pa, the
shock springs”™ typically welgh 30 per-
cent less than thetr chromessilicon-steel
counterparts on Yamaha's comparable
2005-model btkes
As ILs name indicates, Timetal LCB (G.8
molvbdenum-45 won-1.5 alummum) 1s a
lower<ost version of highstrength Bela-
Citanium ornginally developed for acrno-
space uses s st aulomotive apphca-
ot Was I rear suspension springs on
the 2001 Volkswagen Lupo FSIand. more 82
recently, the 2004 Ferran Challenge :
Stradale. s tnihal use on a production ‘SHOCK SPRINGS': The YZ models are the first
cyckes anywhere cuifitted with Banium speings as

cal orginal equipment,

Ihe springs are supphed to lwala
lapan.<based Yamaha by Chuo Spring  Washmgton. Pa
0. Ltd,. Nagoya. Japan. Thmetal LCB s Kurt  Faller, president ol Timet
typtcally melted at Timet's Henderson Automotive, sald the new Yamaha sus-
Nev., operations. but Timet emphasizes  pension spring 1s evidence that tlanium
that It Is capable of producing the alloy  “qfers proven and straightforward sohe-
i all of its melt shops around the yong 65 vartety of welght-reduction and
world, While conversion of LCE mgol performancedmprovement challenges
nto billel has taken place both at Tunet The Timetal LCB springs are wound
nd externally, Tunel’s source 105 4514 shock springs on antomatic comput-
er numencal control (CNCy machines the

rolling the billet mto elastically wound
wire colls has been Perryman Co




Corvette Z06 — 2001/02

Corvette Z06 Needed Mass Reduction to Meet Performance Objectives
and Emissions Regulations "
Focus was to Achighe a Target $/Mass Saved Goal
TIMET WorkegrExtensively with Arvin to Streamline Manufacturing \
Tested and Evaluated Compgfients with a “Fit for Purpose” Attitude
Minimizing Material Co on/Scrap Allowed Arvin to find $2
Million Savings In talnl)ss)yufﬂer Production” L
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of 10,000 per year — |

sm,@n to higher volumes due to growingaero demand
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1,6 L — 92kW- engine
Engine for testing titanium connecting rods application:

Variation of design

Lupo - GTI

Run out of thread

Typ of thread

Bore
Fretting piston - connecting rod
Fretting bearing - connecting rod

Preproduction

Proposed to VW Management for
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VW leadership changed and focus
moved away from titanium technology

GQQQ@QQQQ Standard Production circa 2002
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M. Scholz et al Titanium 2003
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Integrated Development Approach. %
Aligned Strategy and focused funding required

Reduced cost

Alternate extraction for raw materials
novel product forms

Reduced cost
extraction

Alloys for high Accelerated Alloys for Affordable
performance Insertion tools Performance

Near net & prototype High volume manufacturing
Manufacturing for economies of scale

Tailored manufacturing for
specific affordable performance
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Key Points

Cost of titanium metal units is between 40 and 60% of mill products and more
for components with high “buy to drive” ratio

Lower the cost of metal units

Cost to manufacture: Individual applications can be made attractive by
innovating in the design and manufacturing space.

Integrated, innovative “Fit for Purpose” approach
Recognize and plan for the infrastructure challenges

Transition to series production requires sustained and consistent industry
strategy and targeted funding

Learn from the aluminum experience




